Background Post-communist transition has had a huge impact on mortality in Eastern Europe. We examined how educational inequalities in mortality changed between 1990 and 2000 in Estonia, Lithuania, Poland and Hungary.
Introduction
Socioeconomic inequalities in mortality have been well documented in Western Europe. According to these studies mortality tends to be higher among the less advantaged for most cause-of-death groups. [1] [2] [3] Recent decades have witnessed an increase in relative inequalities in mortality in many Western European countries, although absolute inequalities have remained fairly stable. [4] [5] [6] Socioeconomic inequalities in mortality have also been reported in the eastern parts of Europe with evidence of a sharply increasing educational gap in mortality over the last decade. [7] [8] [9] [10] [11] Though educational inequalities in mortality in Eastern Europe were as large as in the West even in the early 1990s, 12 a more recent study of 22 European countries showed that in around 2000, educational inequalities in mortality were considerably larger in the eastern parts of the region. 13 Although East-West disparities in mortality have received considerable attention among researchers, [14] [15] [16] much less attention has been paid to the mortality differences between Eastern European countries. During the transition period that followed the collapse of the communist system there was a radical change in the political, economic and social realities in Eastern Europe, although the impact of transition varied substantially between countries. The economic performance in transition economies depended not only on the extent of the reforms undertaken, but also on the initial conditions in each country. 17 Those countries, which were previously part of the Moscow-controlled structure of production and distribution, experienced a total rupture of their economic and social systems, more so than the ex-communist countries that were not part of the former Soviet Union. However, the social consequences of the transition depended to a large extent on the policies that were adopted in order to cope with the reforms. 18 As regards those former communist countries that joined the EU in 2004, average life expectancy increased by 0.9 years in the Baltic countries between 1990 and 2000, whereas the respective increase in the Central Eastern European countries was 2.7. 19 However, the issue of whether there were also corresponding differences in the development of socioeconomic inequalities in mortality has received little attention so far.
The aim of this study is to assess changes in educational inequalities in total and cause-specific mortality in four Eastern European countries between 1990 and 2000. Estonia, Lithuania, Poland and Hungary are compared to evaluate the impact of differences in their socioeconomic development during the postcommunist transition. This study may help to identify the ways in which fundamental societal changes can influence socioeconomic inequalities in health.
Data and methods
We performed the analysis using unlinked crosssectional mortality data for Estonia, Lithuania, Poland and Hungary in the periods around 1990 and 2000. Datasets were prepared and their validity initially checked by national statistical agencies. The population denominators came from population censuses and the corresponding national death data cover from 2 to 5 years around each census (Table 1) . For Poland, the population denominators for the years 1990-91 have been estimated on the basis of the 1988 census. Calculations were based on the assumption that the educational distribution by age group was the same in 1990-91 and 1988. However, the 2002 census data show that the percentage of the population with a higher education has increased whereas the share of the lowest educated has decreased. The underestimation of the population denominators among the higher educated would lead to an overestimation of their mortality rates whereas the opposite would be the case for the lowest educated. As a result, we may have underestimated the educational inequalities in mortality in Poland in around 1990. Educational inequalities in total and cause-specific mortality were analysed for men and women in the 35-64 age group, as well as for total mortality in the 35-49 and 50-64 age groups. By setting the upper age limit at 64 years, we intended to improve the validity of our study as the misreporting of the level of education and cause of death may be particularly large for older people. The large increase in mortality that occurred in the former Soviet republics but not in other Eastern European countries in the 1990s, disproportionately affected the middle-aged population. By restricting our analyses to the 35-64 age group, we may obtain larger differences in Estonia and Lithuania than we could expect to find by including all age groups. National educational schemes have been reclassified in a comparable way into three categories corresponding broadly to the International Standard Classification of Education (ISCED): lower secondary education or less (categories 0-2), upper secondary education (3-4) and higher education (5) (6) . The percentage of cases with missing information on education was relatively low on both death records and on census records (Table 1 ) and these cases were excluded from the analysis. The non-reporting of education on death certificates tends to be more common for external causes of death. If there is any effect from this then the exclusion of these missing cases would probably lead to an underestimation rather than an overestimation of the mortality rates of the lowest educated who have higher mortality rates from external causes, and therefore, to the underestimation of the educational inequalities in mortality. This effect would probably be larger in Estonia and Lithuania where mortality from external causes is high and the percentage of missing cases is also higher. In Poland, the registration of education on death certificates only started in 1989, which explains the higher percentage of deceased with missing education data (6.4%) in Poland around 1990. The percentage of missing cases was similar for each cause of death group (from 5.5% to 7.3%) and for each age group (from 5.3% to 6.9%). This leads us to assume that the high proportion of missing education data on death certificates in Poland around 1990 was the result of a new practice being started, and therefore not related to any particular age, educational or cause-of-death group. We corrected the Polish data for 1990 by increasing mortality rates by 6% in each educational category.
In all four countries, the ninth revision of the International Classification of Diseases (ICD) was used around 1990 (in Estonia and Lithuania, the abbreviated version of ICD-9 with 175 categories) 20 and the tenth revision was used around 2000. A cause-specific analysis was performed for five broad cause-of-death groups: infectious diseases (corresponding to ICD-10 categories A00ÀB99), neoplasms (C00ÀD48), circulatory diseases (I00ÀI99), other diseases (the rest of the A00ÀR99 categories) and external causes of death (V01ÀY89). In order to better determine causal pathways the analysis was also extended to more specific causes of death: ischaemic heart disease (I20ÀI25), cerebrovascular disease (I60ÀI69), cancer of buccal cavity, pharynx and oesophagus (C00ÀC15), cancer of trachea, bronchus and lung (C33ÀC34, C39), cancer of breast (C50) and cervix (C53), and suicide (X60ÀX84, Y87.0).
To evaluate absolute inequalities between educational categories and between the two periods agestandardized mortality rates were calculated by using the direct method of standardization and European standard population. 21 The relative inequalities between educational groups in total mortality were assessed by using age-adjusted (5-year-age groups) mortality rate ratios with 95% confidence intervals, using Poisson regression. Statistical analyses were performed with the STATA programme (version 9.0). Table 2 presents the results for educational inequalities in total mortality in the 35-64 age group. Around 1990, the relative and absolute inequalities in total mortality were quite similar in all the countries. The mortality rate ratios were marginally lower in Estonia and Lithuania, and so were the rate differences between the lowest and highest educated groups among men.
Results
Between 1990 and 2000, educational inequalities in total mortality increased in all countries, though the increase in both absolute and relative terms was larger in Estonia and Lithuania. In Poland and Hungary, mortality rates decreased in all educational groups, except among the lowest educated men and women in Hungary where mortality rates remained the same. In Estonia and Lithuania mortality rates decreased only in the highest educational group, whereas a huge increase occurred among the lower educated groups (mortality rate remained the same among Lithuanian women with an upper secondary education). By 2000, the absolute inequalities in the 35-64 age group were much larger in Estonia and Lithuania. The relative inequalities were remarkably similar across all the countries among men, but for women somewhat higher in Estonia and Lithuania.
Absolute inequalities in mortality between the highest and lowest educational group increased in all four countries in both the 35-49 (except for Polish men) and 50-64 age groups, and for both genders. In both age groups, however, the increase was more modest in Poland and Hungary (Figures 1 and 2) .
Educational inequalities in cause-specific mortality showed considerable variation between countries (Tables 3-6 ). In 1990, large educational differences were found in all countries for all circulatory diseases combined, being somewhat larger in Estonia and Hungary. For infectious diseases (among men only) and external causes of death, the inequalities were larger in Estonia and Lithuania, whereas for neoplasms 
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and other diseases they were larger in Poland and Hungary (among men only). In all countries, the lowest educated men had more than three times higher mortality for cancer of buccal cavity, pharynx and oesophagus than those in the highest educational group. For lung cancer, the educational inequalities among men were more than 2-fold. No clear educational gradient was observed for a combined group of neoplasms among women in any country. Lower mortality rates from breast cancer were found for lower educated women in all countries, however, the difference was only statistically significant for Hungary. Further, unlike men, the lowest educated women did not have a higher mortality rate from lung cancer. Educational level was inversely related to mortality from cancer of cervix in all countries except Hungary. From 1990 to 2000, educational inequalities for the broad cause-of-death groups increased in most cases, except for circulatory and infectious diseases in Poland (the latter was also true for Hungarian men), and external causes of death in Polish and Hungarian men. In Estonia and Lithuania, circulatory diseases mortality increased for the lowest educated men and women (in Estonia also for men with an upper secondary education), whereas in Poland and Hungary mortality from circulatory diseases decreased in all educational groups. Although there was a large increase in circulatory diseases mortality among the lowest educated groups in Estonia and Lithuania, a relatively small increase in mortality from ischaemic heart disease (but a small decrease for Estonian men) and cerebrovascular disease was observed in these groups.
From 1990 to 2000, lung cancer mortality declined in all educational groups among men (except that for the lowest educated men it remained the same in Lithuania, while it increased in Hungary). Though the educational gap in lung cancer mortality has not decreased among men in any of the countries, its contribution to the overall educational gap in mortality for all neoplasms combined has become less pronounced. Over the same period, lung cancer mortality increased among the lowest educated women. As a result, an inverse educational gradient for lung cancer mortality was found among women around 2000 in all countries. Mortality rates increased for cancer of buccal cavity, pharynx and oesophagus among the lowest educated men in all countries. This group of cancers contributed about one-third to the overall increase in the educational gap in mortality from neoplasms in Hungary and Estonia, and about 40% in Lithuania, whereas its respective contribution was 18% in Poland. In Hungary, a remarkable increase in mortality from this group of cancers also occurred among the lowest educated women. In all countries, educational inequalities increased for cervical cancer mortality, with a very large increase being observed in Lithuania. Breast cancer mortality increased among the lowest educated and decreased for the highest educated women in all countries. As a result, the educational gradient was reversed in Estonia, Lithuania and Poland in 2000. By 2000, an inverse educational gradient for all neoplasms combined was found for women in all countries.
In Estonia (among men only) and Lithuania, external causes contributed most to the increase of educational inequalities in total mortality. In Lithuania, suicide mortality explained about 35% of the increase in the educational gap in mortality from external causes of death among men and about a quarter among women. The contribution of infectious diseases to the increase of educational inequalities in total mortality was also relatively high in Estonia and Lithuania.
As a result of these changes, in 2000, absolute educational inequalities were larger in Estonia and Lithuania than in Poland and Hungary for most of the broad cause-of-death groups (except for neoplasms and among men 'other diseases'). The change in age-standardized mortality rates per 100 000 for total mortality by educational level from 1990 to 2000 in two age groups among women 

Infectious diseases
Upper secondary 4 (2-6) Cancer of buccal cavity, pharynx and oesophagus
Lower secondary or less 4 (2-5) 
Discussion
We found that in the period around 1990 educational inequalities in total mortality were quite similar in all four countries, though cause-of-death patterns showed considerable variation. During the postcommunist transition period, the educational gap in total mortality increased in all countries, but in two completely different ways. In Poland and Hungary, mortality rates decreased or remained the same in all educational groups; in Estonia and Lithuania, mortality rates decreased among the highly educated, but increased enormously among those with a low education. In Estonia and Lithuania, for men and women combined, external causes and circulatory diseases contributed most to the widening absolute gap in total mortality. In unlinked cross-sectional studies, a numeratordenominator bias can lead to both the under-or overestimation of mortality differences. Sorlie and Johnson 22 found that decedents' education tended to be reported at a higher level, thus confirming the 'promoting the dead' explanation and resulting in an overestimation of the mortality rates of the higher educated. In contrast, recent research from Lithuania has shown that in an unlinked study mortality rates were underestimated for the highest educated and overestimated for the lowest educated group. 23 While in the first study, a numerator-denominator bias would result in an underestimation of educational inequalities, the Lithuanian study showed that in an unlinked study the educational differences in mortality were overestimated. This bias could be partly explained by differences in the educational classifications used on death and census records. As regards our data, we did not find similar discrepancies in the educational classifications for any of the other countries. We conclude that the numerator-denominator bias can take various forms and the exact estimation of the size and direction of the bias in each particular country is only possible by comparing linked and unlinked studies. 24 Although some overestimation of the diverging trends between the two former Soviet republics and the two Central Eastern European countries may have occurred, it seems unlikely that a numerator-denominator bias alone could explain the consistent differences in the trends that we found.
The percentage of higher educated people increased in all of the countries over the study period, whereas the percentage of the lowest educated decreased ( Table 1 ). The group of the lowest educated has thus become more distinct, and even more so in Estonia and Lithuania where this may have contributed in some way to the absolute mortality increase among the lowest educated. However, as the higher educated group has become less distinct at the same time, the change in the educational distribution is therefore unlikely to explain all of the increase in the educational gap in mortality. Rate difference between the lowest and highest educated groups.
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Our findings concerning the different trends in educational inequalities in mortality between Eastern European countries that were or were not a part of the former Soviet Union are also supported by data from Russia and the Czech Republic. 7, 10, 11 In Russia, as in Estonia and in Lithuania, mortality rates increased for the lowly educated and decreased for the highly educated over the 1990s, whereas in the Czech Republic, the mortality rates decreased for all educational groups.
During the communist period, levels of income were low in the former communist countries, but the overall income distribution was more egalitarian than in most market economies even after allowing for fringe benefits and various forms of implicit income received by the nomenklatura. 25 Investment in education did not bring high returns and often it did not lead to an advantage in terms of gaining easier access to jobs.
26 Surprisingly, however, at the end of the communist period the educational inequalities in mortality in Eastern Europe were at least as large as those in the West 12 suggesting that factors other than income inequality were important. Large educational inequalities in mortality from external causes, and also from lung cancer and cancer of buccal cavity, pharynx and oesophagus in men indicate that behavioural factors may have been related to the educational gap in mortality in around 1990 in Eastern Europe. At the same time, educated groups in Eastern Europe may have been more similar to educated groups in the West in terms of their knowledge, outlook and health behaviours, and consequently, also in terms of their mortality ratetherefore also contributing to the extent of inequalities in mortality in the East. In light of the increasing absolute poverty in Eastern Europe during the 1980s 27, 28 it is however possible that deprivation and unequal opportunities were causal factors contributing to the educational gap in mortality in Eastern Europe even at the end of the communist period.
The collapse of the communist system and the transition reforms resulted in a drastically worse economic situation and reduced employment opportunities. In the early 1990s, Estonia and Lithuania experienced much larger declines in national income and in real wages than did countries that were not a part of the former Soviet Union. By 2000, GDP levels had surpassed their respective 1989 levels in Poland and Hungary (by 27 and 4%, respectively) but were still below 1989 levels in Estonia and Lithuania (by 19 and 32%). 29 Transition was also accompanied by the emergence of large-scale unemployment. Compared with the former Soviet republics, Poland and Hungary implemented more protective labour market policies, spending larger proportions of their GDP on social transfers. 27, 30 In Poland and Hungary, unemployment benefits strongly reduced poverty whereas in Estonia their effect was minimal. 30 In addition, income inequality increased significantly in Estonia and Lithuania, whereas it remained modest in Poland and Hungary. 25 As a result, although the increase in poverty was universal in all transition economies, in Estonia and Lithuania the rise was much larger than in Poland and Hungary, 25 and the occurrence of extreme poverty probably more frequent also.
During the transition period, education has become an increasingly distinctive determinant of wealth in many former communist countries, and average returns in earnings to years of education have risen dramatically. 31, 32 Education has also increased people's ability to switch jobs, to avoid unemployment and to exit from both unemployment and inactivity to employment. 26 Thus, poverty and increasing differences in opportunity and wealth are likely to underpin the increasing educational inequalities in mortality. Evidently, in Estonia and Lithuania, unlike in Poland and Hungary, poverty and disadvantage have contributed to the rise in absolute mortality among those with a low education. The relatively high contribution of infectious diseases to the widening educational gap in total mortality in Estonia and Lithuania is also suggestive of poverty driven causal mechanisms. Poverty, deprivation and a lack of opportunity are also causes of psychosocial stress. 33 The high contribution of suicide mortality to the increase of the educational gap in mortality from external causes in Lithuania indicates that psychosocial stress indeed may be one of the causal factors. Poverty and deprivation like wealth and knowledge can be linked to access (or a lack of it) to good housing, good quality health care, a healthy diet and to hazardous health behaviours. All these factors are known to affect health and mortality, though the precise causal pathways may vary. 16, 34, 35 Alcohol has been a major factor underlying sharply increasing mortality from external causes during the post-communist transition period. 36 External causes of death made the largest contribution to the increase of educational differences in mortality in Estonia and Lithuania, indicating that alcohol may be an important contributory factor, and particularly so in the younger age group. Severe poverty, especially if followed by marginalisation, increases the probability of consuming non-beverage alcohols, which are much cheaper but have a very high ethanol content and high toxicity. 37 Precisely which causes of death are affected by alcohol consumption may depend on consumption patterns. 38 In Hungary, where alcohol consumption is also known to be very high, both mortality rates and inequalities were high for cancer of buccal cavity, pharynx and oesophagus, which are known to be strongly related to alcohol consumption. Thus, it is feasible to suggest that alcohol has also contributed to the educational gap and its widening in Hungary. In Estonia and Lithuania, the increase in mortality from circulatory diseases in lower educational groups was mostly driven by 'other circulatory diseases' and not by ischaemic heart disease or cerebrovascular disease. Though we were not able to study trends in educational inequalities for 'other circulatory diseases' in more detail, our analysis from around 2000 showed that alcoholic cardiomyopathy accounted for 45% of the educational gap in mortality between the lowest and highest educated men (35% among women) for this group of diseases in Estonia, 28 and 19% respectively in Lithuania, 12 and 2% in Hungary, and 1 and 0% in Poland (data not shown). Alcohol is therefore likely to further explain part of the increasing educational inequality in circulatory disease mortality in Estonia, Lithuania and Hungary. It is also possible that a strong alcohol control policy in Poland in the 1990s has contributed to lowering mortality rates from external causes and circulatory diseases in all educational groups. 39 Neoplasms have also contributed to the widening educational gap in total mortality in all four countries. The emerging inverse social gradient for lung cancer and breast cancer among women is alarming. While changes in lung cancer mortality follow the pattern that would be expected from the ongoing development of a conventional smoking epidemic model, changes in breast cancer mortality but also increasing inequalities in cervical cancer mortality may be related to differences in early detection, better treatment and survival between low and high educated women. 40 The underlying incidence rates for breast cancer in turn, may depend on changing fertility or in the case of cervical cancer on changing sexual behaviour. In view of the long lag times for most cancer determinants, it is possible that some of the factors responsible for the widening of inequalities in mortality originated before the transition period. Nevertheless, even if it is not clear to what extent circumstances before the transition period played a role in producing the differences observed between Poland and Hungary on the one hand, and Estonia and Lithuania on the other during the 1990s, the fact that Estonia and Lithuania had a more difficult and traumatic break with their past does seem to have had a major impact on the recent divergence.
Conclusions
Educational inequalities in mortality increased in all four former communist countries over the period of post-communist transition. However, a clear divergence also occurred between the two former Soviet republics and the two Central Eastern European countries dominated by, but not run from Moscow. Differences in the trends in inequalities in mortality between Estonia and Lithuania on one side, and Poland and Hungary on the other, can be related to the differences in socioeconomic development during the transition period and in particular, to the spread of poverty and the further differentiation of wealth and opportunity. Alcohol and psychosocial stress may also have acted as important mediating factors. All four countries would benefit from placing a greater focus on the social determinants of health, and in particular, to make it a priority to address the growing mortality gap between educational groups.
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